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METHOD FOR FORMING METAL WIRING
IN SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for fabricating
a semiconductor device, and more particularly to a method
for forming a metal wiring 1n a semiconductor device 1n
order to 1mprove an operational speed of the semiconductor
device.

2. Description of the Prior Art

As generally known 1n the art, aluminum or tungsten 1s
mainly used as a material for a metal wiring. In particular,
since a tungsten layer, which 1s deposited on a substrate
through a chemical vapor deposition (CVD) process, repre-
sents the superior gap-filling characteristic and the low
resistivity, the tungsten layer 1s mainly used for fabricating
highly integrated semiconductor devices.

FIGS. 1a and 15 are cross-sectional views 1llustrating a
conventional procedure for forming a metal wiring 1 a
semiconductor device.

As shown 1n FIG. 1a, an mterlayer dielectric film 11 1s
formed on a silicon substrate 10 having a predetermined
base structure and a contact hole 12 for exposing a prede-
termined portion of the silicon substrate 10 1s formed by
selectively etching the interlayer dielectric film 11. In addi-
tion, a barrier layer 13 1s formed on the interlayer dielectric
film 11 including the contact hole 12. The barrier layer 13
has a stacked structure including a Ti layer and a TiN layer
stacked on the T1 layer. Then, the silicon substrate 10 formed
with the barrier layer 13 1s subject to the rapid heat-treatment
process, thereby forming a TiSi1, layer 14 on an interfacial
surface between the barrier layer 13 and the silicon substrate
10.

After that, a first tungsten layer 13 1s formed on the barrier
layer 13. When forming the first tungsten layer 15 on the
barrier layer 13, WFE 1s used as a source gas and S1H, 1s used
as a reaction gas for the first tungsten layer 15. Then, a
second tungsten layer 16, that 1s, a tungsten bulk layer 1s
formed on the first tungsten layer 15 in such a manner that
the contact hole 12 1s filled with the second tungsten layer
16. When forming the second tungsten layer 16 on the first
tungsten layer 15, WFE . 1s used as a source gas and H, 1s used
as a reaction gas for the second tungsten layer 16.

As shown in FIG. 15, a metal wiring 17 1s formed by
selectively etching the second tungsten layer 16, the first
tungsten layer 15, and the barnier layer 13. Reference
numerals 13a, 15a and 16a represent a remaining barrier
layer, a remaining first tungsten layer and a remaining
second tungsten layer, respectively, which may remain after
the etching process has been completed.

However, as the mtegration degree of the semiconductor
device has been increased, the conventional procedure for
forming the metal wiring 17 1n the semiconductor device
represents a limitation to reduce the resistance of the metal
wiring 17 even if tungsten having the low resistivity 1s used
as a material for the metal wiring 17. For this reason, the
operational speed of the semiconductor device 1s signifi-
cantly reduced.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to solve
the above-mentioned problems occurring in the prior art,
and an object of the present invention 1s to provide a method
for forming a metal wiring 1n a semiconductor device 1n
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2

order to improve an operational speed of the semiconductor
device by reducing the resistance of the metal wiring cor-
responding to the mntegration degree of the semiconductor
device.

In order to accomplish the above object, according to the
present invention, there 1s provided a method for forming a
metal wiring 1 a semiconductor device, the method com-
prising the steps ol: depositing an interlayer dielectric film
on a silicon substrate, the interlayer dielectric film having a
contact hole for exposing a predetermined portion of the
s1licon substrate; depositing a barrier layer on the interlayer
dielectric film having the contact hole; depositing a first
tungsten layer on the barrier layer by using SiH, as a
reaction gas; depositing a second tungsten layer on the first
tungsten layer by using B,H as a reaction gas; depositing a
third tungsten layver on the second tungsten layer in such a
manner that the contact hole 1s filled with the third tungsten
layer; and selectively etching the third tungsten layer, the
second tungsten layer, the first tungsten layer, and the barrier
layer, thereby forming the metal wiring.

According to the preferred embodiment of the present
invention, the first and second tungsten layers are deposited
through an ALD process and the third tunsten layer i1s
deposited through a CVD process

According to the preferred embodiment of the present
invention, the first and second tungsten layers are deposited
in a thickness of about 1 to 10 nm.

According to the preferred embodiment of the present
invention, the deposition steps for the first and second
tungsten layers are repeated until the first and second
tungsten layers have a desired thickness, respectively.

According to the preferred embodiment of the present
invention, one selected from the group consisting of H.,,
S1H,, and a mixture gas thereof 1s used as a reaction gas for
the third tungsten layer.

According to the preferred embodiment of the present
invention, the first to third tungsten layers are deposited by
using a W-containing gas as a source gas therefor, and the
W-containing gas 1s one selected from the group consisting
of WE., WCl,, WBr,, W(CO)., W(C,H,)., W(PF;)s, W(al-
lyl);, (CH5)WH,, [CH5(CsHY)LWH,,  (CH5)W(CO),
(CH,), W(butadiene),, W(methylvinyl-ketone),, (C-HOHW
(CO),;, (C,Ho)W(CO),, and (1,5-COD)W(CO),wherein
COD 1s 1,5 cyclooctadiene.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present mvention will be more apparent from the fol-
lowing detailed description taken in conjunction with the
accompanying drawings, in which:

FIGS. 1a and 15 are cross-sectional views illustrating a

conventional procedure for forming a metal wiring 1 a
semiconductor device;

FIGS. 2a to 2e are cross-sectional views illustrating a
procedure for forming a metal wiring 1n a semiconductor
device according to one embodiment of the present inven-
tion;

FIGS. 3a and 35 are SEM micrographs 1illustrating grain
s1ze and microstructure of tungsten bulk layers grown on
ALD-tungsten layvers deposited by using SiH, and B,H, as
reaction gases, respectively; and

FIG. 4 1s a graph 1llustrating the resistivity of a stacked

structure of an ALD-tungsten layer and a tungsten bulk layer
as a function of ALD-tungsten film thickness.
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DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Hereinatter, the present invention will be described with
reference to accompanying drawings. 5
FIGS. 2a to 2e are cross-sectional views illustrating a
procedure for forming a metal wiring 1n a semiconductor
device according to one embodiment of the present inven-

tion.

As shown 1n FIG. 2a, an mterlayer dielectric film 21 1s 10
deposited on a silicon substrate 20 having a predetermined
base structure and a contact hole 22 for exposing a prede-
termined portion of the silicon substrate 20 1s formed by
selectively etching the interlayer dielectric film 21. In addi-
tion, a barrier layer 23 1s deposited on the interlayer dielec- 15
tric film 21 including the contact hole 22. The barrier layer
23 has a stacked structure including a Ti layer and a TiN
layer stacked on the Ti layer. Then, the silicon substrate 20
formed with the barrier layer 23 1s subject to the rapid
heat-treatment process, thereby forming a TiS1, layer 24 on 20
an interfacial surface between the barrier layer 23 and the
silicon substrate 20.

As shown 1n FIG. 25, a first tungsten layer 25 1s deposited
on the barrier layer 23. When forming the first tungsten layer
25 on the barrier layer 23, WF, 1s used as a source gas and 25
S1H, 1s used as a reaction gas for the first tungsten layer 25.
The first tungsten layer 25 1s deposited on the barrier layer
23 with a thickness of about 1-10 nm through an ALD
(atomic layer deposition) process. The ALD process
includes a SiH, gas dosing step, a purge step, a WF, gas 30
dosing step, and a purge step, which are sequentially per-
formed and repeated until the first tungsten layer 25 having
a desired thickness can be obtained. At this time, SiH,,
which 1s a reaction gas for the first tungsten layer 25, may
be fed 1n the form of gas or plasma. Instead of SiH,, S1,H, 35
can be used as a reaction gas for the first tungsten layer 25.

As shown in FIG. 2¢, a second tungsten layer 26 1s
deposited on the first tungsten layer 25. When forming the
second tungsten layer 26 on the first tungsten layer 25, WFE
1s used as a source gas and B,H, 1s used as a reaction gas for 40
the second tungsten layer 26. The second tungsten layer 26
1s deposited on the first tungsten layer 235 with a thickness of
about 1-10 nm through the ALD process. The ALD process
includes a B,H, gas feeding step, a primary purge step, a
WE gas teeding step, and a secondary purge step, which are 45
sequentially performed and repeated until the second tung-
sten layer 26 having a desired thickness can be obtained. At
this time, B,H,, which 1s a reaction gas for the second
tungsten layer 26, may be fed 1n the form of gas or plasma.

In addition, after depositing the second tungsten layer 26, a 50
deposition cycle can be repeated in order to sequentially
deposit the first and second tungsten layers 25 and 26 until
the first and second tungsten layers 25 and 26 have a desired
thickness. The first and second tungsten layers 25 and 26 can
be deposited through a CVD process. Referring to FIG. 2d, 55
a third tungsten layer 27, that 1s, a tungsten bulk layer 1s
deposited on the second tungsten layer 26 through the CVD
process 1n such a manner that the contact hole 22 1s filled
with the third tungsten layer 27. When forming the third
tungsten layer 27 on the second tungsten layer 26, WE . 1s 60
used as a source gas and one selected from the group
consisting of H,, S1H,, and a mixture gas thereof is used as
a reaction gas for the third tungsten layer 27. Instead of WFE,
one selected from the group consisting of, WCI,, WBr,,
W(CO)s, WI(CH,)s, W(PE;)s, W(allyl);, (C.Hs)WH,, 65
[CHA(CsHy)],WH,, (C,H5)W(CO);(CH;), W(butadiene)s,
W(methylvinyl-ketone),, (C.H ) HW(CO),, (C;Hx)W

4
(CO);, and (1,5-CODYW(CO), (wherein COD 1s 1,5
cyclooctadiene) can be used as a source gas for the third
tungsten layer 27.

As shown 1n FIG. 2e, a metal wiring 28 1s formed by
selectively etching the first and second tungsten layer 25 and
26 and the barrier layer 23. Reference numerals 23a, 25aq,
26a and 27a represent a remaining barrier layer, a remaining
first tungsten layer, a remaining second tungsten layer and a
remaining third tungsten layer, respectively, which may
remain aiter the etching process has been completed.

As described above, after depositing the first tungsten
layer 25 on the barrier layer 23 by using the SiH, gas as a
reaction gas for the first tungsten layer 25, the second
tungsten layer 26 1s deposited on the first tungsten layer 25
by using the B,H, gas as a reaction gas for the second
tungsten layer 26. Then, the third tungsten layer 27, that 1s,
the tungsten bulk layer 1s deposited on the second tungsten
layer 26, so that the tungsten bulk layer of the present
invention has a grain size larger than that of the conventional
tungsten bulk layer. The reason will be described below with
reference to FIGS. 3a, 36 and 4.

FIG. 3a 1s an SEM micrographs illustrating the grain size
of a CVD-tungsten bulk layer grown through a CVD process
from an ALD-tungsten layer deposited by using SiH, as the
reaction gas.

FIG. 356 1s an SEM photographic view illustrating the
structure of a CVD-tungsten bulk layer grown through a
CVD process on an ALD-tungsten layer deposited by using
B,H, as the reaction gas and FIG. 4 1s a graph illustrating the
resistivity of a stacked structure of the ALD-tungsten layer
and the CVD-tungsten bulk layer as a function of ALD-
tungsten film thickness.

As can be seen from FIGS. 3a and 35, the grain size of the
CVD-tungsten bulk layer grown on the ALD-tungsten layer
deposited by using B,H, as the reaction gas 1s significantly
larger than the grain size of the CVD-tungsten bulk layer
grown on the ALD-tungsten layer deposited by using SiH,
as the reaction gas. As shown in FIG. 4, 11 the tungsten layer
has a larger grain size, the resistivity of the tungsten layer
can be reduced on the same thickness condition thereotf. For
instance, if a tungsten bulk layer 1s grown from an ALD-
tungsten layer deposited by using B, H as a reaction gas, the
resistivity of a stacked structure including the AL D-tungsten
layer with a thickness of about 10 nm and the CVD-tungsten
layer with a thickness of about 200 nm may be reduced by
about 20% as compared with the resistivity of a stacked
structure 1 which a tungsten bulk layer 1s grown on a
ALD-tungsten layer deposited by using SiH, as a reaction
gas.

In the meantime, 11 the ALD-tungsten layer 1s deposited
by using B,H as the reaction gas, the deposition rate of the
ALD- tungsten layer 1s of about 2.5 to 3 A/CYC]E: and 11 the
ALD-tungsten layer 1s deposited by using SiH, as the
reaction gas, the deposition rate of the ALD-tungsten layer
is of about 10 A/cycle. That is, the deposition rate for the
ALD-tungsten layer may be lowered if the ALD-tungsten
layer 1s only deposited by using B,H, as the reaction gas.
For this reason, according to the present invention, after
sequentially depositing the first and second tungsten layers
25 and 26 by using SiH, and B,H,, respectively, the third
tungsten layer 27, that 1s, the tungsten bulk layer 1s deposited
on the second tungsten layer 26. In this case, the metal
wiring 28 having the large-sized grain can be obtained.
Theretore, 1t 1s possible to reduce the resistance of the metal
wiring 28. In addition, since the second tungsten layer 26 1s
deposited on the first tungsten layer 25 by using B, H,, as the
reaction gas after rapidly depositing the first tungsten layer
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25 by using S1H,, as the reaction gas, 1t 1s possible to rapidly
obtain the tungsten layers having a desired thickness.

As described above, according to the present invention,
the first and second tungsten layers 25 and 26 are sequen-
tially deposited by using S1iH, and B,H, as a reaction gas,
respectively. After that, the tungsten bulk layer 1s deposited
on the second tungsten layer, thereby enlarging the grain size
of the tungsten bulk layer. Therefore, the resistance of the
metal wiring in the stacked structure can be reduced and the
operational speed of the semiconductor device can be
improved.

Although a preferred embodiment of the present invention
has been described for illustrative purposes, those skilled 1n
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the invention as disclosed 1n the accom-
panying claims.

What 1s claimed 1s:

1. A method for forming a metal wiring 1n a semiconduc-
tor device, the method comprising the steps of:

1) depositing an interlayer dielectric film on a silicon
substrate, the interlayer dielectric film having a contact
hole for exposing a predetermined portion of the silicon
substrate;

1) depositing a barrier layer on the interlayer dielectric
film having the contact hole;

111) depositing, using an atomic layer deposition (ALD)
technique, a first tungsten layer on the barrier layer by
using S1H, or S1,H, as a reaction gas;

1v) depositing, using the ALD technique, a second tung-
sten layer on the first tungsten layer by using B,H, as
a reaction gas;

v) depositing, using a chemical vapor deposition (CVD)
technique, a third tungsten layer on the second tungsten
layer resulting 1n the second and third tungsten layers
having a combined specific resistance of less than about
125 pn€2-cm and resulting in completely filing over the
contact hole with the third tungsten layer; and

v1) selectively etching the third tungsten layer, the second
tungsten layer, the first tungsten layer, and the barrier
layer, thereby forming the metal wiring.

2. The method as claimed 1n claim 1, wherein the first and
second tungsten layers are deposited 1n a thickness of about
1 to 10 nm.

3. The method as claimed 1n claim 1, further comprising
a step of repeating steps 1) and 1v) until the first and second
tungsten layers have a desired thickness, respectively.

4. The method as claimed i1n claim 1, wherein one selected
from the group consisting of H,, SIH,, and a mixture gas
thereol 1s used as a reaction gas for the third tungsten layer.

5. The method as claimed 1n claim 1, wherein the first to
third tungsten layers are deposited by using a W-containing,
gas as a source gas therefor, and the W-containing gas 1s one
selected from the group consisting of WEF ., WCl,, WBr,,
W(CO)s, W(CHy)s, W(PEF3)s, W(allyl);, (CHs)WH,,
[CH,(CsH,)],WH,, (C,H5)W(CO);(CH;), W(butadiene)s,
W(methylvinyl-ketone);,, (C-H;)HW(CO),, (C-Hq)W
(CO);, and (1,5-COD)W(CQO),, wherein COD 1s 1,5
cyclooctadiene.

6. The method as claimed in claim 1, wherein SiH, or
S1 Hg 1s either gas or plasma.

7. The method as claimed in claim 1, wherein B,H, 1s
either gas or plasma.

8. The method as claimed in claim 1 wherein step 111)
comprises

111-a) dosing with the SiH, reactant gas;

111-b) purging the S1H, reactant gas;
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6

111-Cc) dosing with WEF . gas;

111-d) purging the WF . gas; and

111-¢) repeating sequentially the steps of 111-a), 111-b), 111-¢),
and 111-d) until a desired thickness of the first tungsten
layer 1s obtained.

9. The method as claimed in claiam 1 wherein step 111)
comprises

111-a) dosing with the Si,H, reactant gas;

111-b) purging the S1,H, reactant gas;

111-¢) dosing with WF . gas;

111-d) purging the WF . gas; and

111-¢) repeating sequentially the steps of 111-a), 111-b), 111-¢),
and 111-d) until a desired thickness of the first tungsten
layer 1s obtained.

10. The method as claimed 1n claim 1 wherein step 1v)
Comprises

1v-a) dosing with the B,H, reactant gas;
1v-b) purging the B,H. reactant gas;
1v-c) dosing with WF . gas;

1v-d) purging the WF . gas; and

1v-¢) repeating sequentially the steps of 1v-a), 1v-b), 1v-c),
and 1v-d) until a desired thickness the second tungsten
layer 1s obtained.

11. A method for forming a metal wiring 1n a semicon-
ductor device, the method comprising the steps of:

1) depositing an interlayer dielectric film on a silicon
substrate, the interlayer dielectric film having a contact
hole for exposing a predetermined portion of the silicon
substrate;

11) depositing a barrier layer on the interlayer dielectric
film having the contact hole;

111) depositing, using an atomic layer deposition (ALD)
technique, a first ALD tungsten layer on the barrier
layer by using a first reaction gas selected from the
group consisting of SiH, and Si,H;

v1) depositing, using the ALD technique, a second ALD
tungsten layer on the first ALD layer by using a B,H,
reaction gas wherein the second ALD tungsten layer 1s
deposited directly on top of the first ALD tungsten
layer;

v) depositing, using a chemical vapor deposition (CVD)
technique, a CVD tungsten layer directly on top of the
second ALD tungsten resulting in the second ALD
tungsten layer and the CVD tungsten layer having a
combined specific resistance of less than about 1214
u&2-cm layer and resulting in completely filling over the
contact hole with the CVD tungsten layer; and

v1) selectively etching the CVD tungsten layer, the second
ALD tungsten layer, the first ALD tungsten layer, and
the barrier layer, thereby forming the metal wiring.

12. The method as claimed 1n claim 11 wherein the B, H,
reaction gas 1s either gas or plasma.

13. The method as claimed 1n claim 11 wherein a reaction
gas to deposit the CVD tungsten layer 1s selected from the
group consisting of H,, SiH,, and a mixture gas thereof.

14. The method as claimed 1n claim 11 wherein the first
and second ALD tungsten layers and the CVD tungsten layer
are deposited by using a W-containing gas as a source gas
therefor, and the W-containing gas 1s one selected from the
group consisting of WF ., WCl,, WBr,., W(CO)., W(C,H, ).,
W(PF;)s, Wi(allyl);, (C,Hs)WH,, [CH;(CsHy)],WH,,
(C,H-)YW(CO);(CH;), W(butadiene),, W(methylvinyl-ke-
tone),, (C-HOHW(CO),, (C;H)W(CO),, and (1,5COD)YW
(CO),, wherein COD 1s 1,5 cylooctadiene.
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15. A method for forming a metal wiring 1n a semicon-

ductor device, the method comprising the steps of:

1) depositing an interlayer dielectric film on a silicon
substrate, the mterlayer dielectric film having a contact
hole for exposing a predetermined portion of the silicon
substrate;

1) depositing a barrier layer on the interlayer dielectric
film having the contact hole;

111) depositing, using a atomic layer deposition (ALD)
technique, a first tungsten layer on the barrier layer by
using a {lirst reaction gas selected from the group
consisting of S1H, and S1,H,;

1v) depositing, using the ALD technique, a second tung-
sten layer on the first tungsten layer by using a B,H,
reaction gas;

v) depositing, using a chemical vapor deposition (CVD)
technique, a third tungsten layer on the second tungsten
layer resulting 1n the second and third tungsten layers
having a combined specific resistance of less than about
12%5 pu€2-cm and resulting 1n filling over the contact
hole with the third tungsten layer; and

v1) selectively etching the third tungsten layer, the second
tungsten layer, the first tungsten layer, and the barrier
layer, thereby forming the metal wiring.

16. The product by process made from the method as

claimed in claim 15 wherein the first reactant gas 1s SiH,.
17. The product by process made from the method as
claimed in claim 15 wherein the first to third tungsten layers
are deposited by using a W-containing gas as a source gas
therefor, and the W-containing gas 1s one selected from the
group consisting of WF., WCl., WBr,., W(CO)., W(C,H,)..
W(PF,)s, W(allyl);, (C,Hs)WH,, [CH;(CsH,),WH,,
(C,H)W(CO),(CH,), W(butadiene),, W(methylvinyl-ke-
tone),, (C-H O HW(CO),, (CSH)W(CO),, and (1,5-COD)W
(CO),, wheremn COD 1s 1,5 cylooctadiene.

18. A product by process made from a method for forming
a metal wiring in a semiconductor device, the method
comprising the steps of:
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1) depositing an interlayer dielectric film on a silicon
substrate, the mterlayer dielectric film having a contact
hole for exposing a predetermined portion of the silicon
substrate;

11) depositing a barrier layer on the interlayer dielectric
film having the contact hole;

111) depositing using an atomic layer deposition (ALD)
technique to deposit a first tungsten layer on the barrier
layer by using a first reaction gas selected from the
group consisting of S1H, and S1,H;

1v) depositing using the ALD technique to deposit a
second tungsten layer on the first tungsten layer by
using a B,H, reaction gas;

v) depositing using a chemical vapor deposition (CVD)
technique to deposit a third tungsten layer on the
second tungsten layer resulting in the second and third
tungsten layers having a combined specific resistance
of less than about 1214 pu£2-cm and resulting filling over
the contact hole with the third tungsten layer; and

v1) selectively etching the third tungsten layer, the second
tungsten layer, the first tungsten layer, and the barrier
layer, thereby forming the metal wiring.

19. The product by process made from the method as
claimed 1n claim 18 wherein a reaction gas for the third
tungsten selected from the group consisting of H,, S1H,, and
a mixture gas thereofl.

20. The product by process made from the method as
claimed 1n claim 18 wherein the first to third tungsten layers
are deposited by using a W-contaiming gas as a source gas
therefor, and the W-containing gas 1s one selected from the
group consisting of WF ., WCl, WBr,., W(CO)., W(C,H, ).,
W(PF;)s, W(allyl);, (C,Hs)WH,, [CH;(CsH,)],WH,,
(C,HYW(CO),(CH;), W(butadiene),, W(methylvinyl-ke-
tone),, (C-H O HW(CO),, (C;H)W(CO),, and (1,5-COD)YW
(CO),, wherein COD 1s 1,5 cylooctadiene.
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